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n esubt)'bs of Tokyo M e(ropolita n ar eah sbee n e xperien cingheavy7aDduse/co v er cha ngesfollo w ed by m odernizatio n of
Japa n･ The stages oflandsu rface alteT atio n c anbepre cise)y m o nitored bysa(dlite rem o(e se nslngdata aJt
dprinted maps ･
Im agepro cessingsyste m a nd Ge ographicTnfor m ation Sys(e m are us edEo d,aw la nd usdcoy er 'n aps･ a ndt･he changesini(
w asdis ctlSSed. Afterdelin e atingthe u rbaniz atio nprocess,the cha ngesin hydrologicalcycl¢ are asseSsed･ Inthispaper,
cha ngesin are alev apotra nsplr ado ndu eto urba nizatio n andthe respo nse ofgr o undw aterfloysyste mfo r cha nglqgrecharge
are cv a]m(ed. Asa res ult, decre asein ev apotran5Piratio nis ass essedqu antitativ ely, a nd it･is clari軸dthat theeffec(of
de creaslngre chargeislargeinlo c alsround w ater syste min upper stre &m ･ Fha】ly, additio n ofm n offco mpo n
entw as
dis ctlSSed. Al(bo ugh,the synthesi2=ed basin hydrologic alm odelis re m ai71ed &sfubreobjectiv es,its c o mpletio n砧川 e CeSSarytO
getatru ePr ospectOf fubre e n viro nTT]C ntSbyass essingthe co ns eq
tJe n Ce Oftheimpact togr o u ndsu rfa cebyrm n
's a ctivity.
I NTR O DUC TIO N
Mo stcitiesinJapa nislo ca(ed hthe allq via1lo wla nd. Surro uhdingQd atC m ary Upla nd hav e u ndergo ne he avyde v elopm ent
a ctiyitiesforhou singsites, golfcou rs e,industrialare a, nds o o n･ The changesi 山a qd use/co v er C
anbedetected byspa ce
te chn ologies and Ge og,aphiclnforTTntio nSyste m s(GrSs)･ T he m an
,;impa ct tolands u血 =eis e asilyvisualiz ed byexisting
sateuiteiTn ageS aJld mapsI
Nextimporta nt the m estobe resolv ed isto explain whathas bee n cha 岬 d bys u ch impa
cts･ Fr o mhydrolog】c alviewpoint
changesin he ata nd w aterbudgetarethe m o stimportant
aSPeCtSI M ostofthe re$10 rRale nvi-on m 8ntaliss u escanbe explain ed
by cha nges ofthe m. Ge n erallyspe aking' u rba niz atjon causesthe redu ctio n ofev apo
(ra nspITatioT ” ndgro u ndwaterr e charge･
a nd incr easein directru noff, which leadto urba nheatis一and,drying叩 Ofw ellor sprmg, drba nflood, and o
thers･ The
synthedc Tn Ode-which cov ersthree co mpo n ents of
hydrolog】c cycle･ m m elye vapotra nsplratio n･ s ubs
urfa ce w ater a ndsⅦ
･fa c e
w ater
,
is n e cessaryto asses叩 a ntitatjv elyregi o nale nviron m e ntalcha ngesI
A prdi7Tlin aryatte mptis m ade ”thispaperto
linkthe e v apotra n splratio n aロdthe s ubsロrfa ce w ater model withthe aidof R S
and GIS･
S T U D Y AR E A
The extentof 1:50,000topographic map
･･C hiba” is s electedasthe studyarea(140･ 0 E･35167 N
-140･25E･35 3 0N)I ofwhich
are ais about 420 km
2
. c hibaislo c atedabout3 0km e ast of Tokyo〉 a nd isthe easteT71 edge ofthe Tokyo MetropolitanaT e a･
Fo rhydrologlCalcalc ula(io n, drain agebasin of M iyako ri
v eris sele cted asw orking are a. Drainagedivideis deter mined by
using D E M(D igital Ele v ation M od占) , of which
l
resolutio nis abo ut100-n･ Bytra cing minim L m altitqde a m o ngfour
dire ctio ns
,
allthegrids whichc an re achthegridofriv er m o us
e are S elected. Figure1showsthe calculatedarea a nd
sIJbcatcllm e ntS Of M iyako TIv cr･
L A ND tJS E/C OVE R C H A N G ES D U R IN GL A S T 1 00 Y E A R S
Thefi,sttopographic m apbased o ntria ngular sur vey w a scr eated in
M eijie ra･ abo utahu ndr edye ars ago･ Firstlこ50,000
topographic m ap
･･Chiba
"
w a sm easu red in1 903 a ndpublishedin 1909･ BydigiLizlngla ndu se dra w n o nthe m ap
using GIS･
la nduse m apin1903w as obtain ed. Figure 2showsthela ndu s ei
n Chiba areain1 903･
Fig. 1 Calc uhted are a anddr ahag8 basin of
Miyako River. T he bo u ndarie s co(re spond to
the cha nnels ofadjace ntrhlerS, a ndthelimit
ofthe･l:50,O O O topographic m ap｢C HIB A+･
1三50,000 CHl
1903
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Fig･2 La ndu s em aprCHIB AJin 1 9 0 31 Agre ater
pa rtofupla nd w a s cove r ed byfore st･
T heI A N D S AT-1 M SS i7n aBetaken o nDec e mber1972and I,A N DS A T15 T M iJT)age Of N()v e mber19 95are tlSedto detect
r 附 ntlaJldllSe/co verChangeill C hiba are a. FigllT e3 sho w slaTldtlS e/co veri)1972and 1995･ Thein cr eas eiJl u rba n area a nd
thede creas einfo resta ndpad dyfield uringre c ent14years are cl arlyre cogTliz ed intheim■ages･
T he 且re aOf fo restin 26.6% in 1903,ho we v er,itde creas esto15.9%in1995. Paddy aTLdcropfie)d de cre a s ed fro m3117%to
19.2%duTingthe sam eperiod. T he artiBcial一a nd us e, su chas cities,housingsite, a r ein creas edfrom 2･9%to 37･1%･ T hes e
changes aretypICal inthe subL)rbs ofthe Tokyo MetropolitaTl ar ea. Al lthese chaTlgeS Sho uldaffect the w ater a nd he atbudget,
aTldled.-to 軸 ･cfW喜和 nJ71 組talcha nges,
- 卿 確
%,
,= キ ー
1 972 ■1 995.
Fig･3 Landu s e cra s sific atio n m apin 1 972a nd 19 9 5obtain ed fro m
L A N D S A Ts atelほte s, Dark c olo r sho w sfo resta nd v egetated
a re a, a nd lightgreyde note s u rba niz ed a re a･
TII E E F F EC T S O F L A N D U S E/C OV ERC ELA NGE S T O H Y D R O L O G [ C A L C Y C LE
幽
¶1er e are S eve r al m odels whichca n calculate e v apotra nsplratio n, Eちfrom ordin arym e(iorologlC al data, Pe n m an m c[hod
げe ntn a n,194.
8)is used to calculate e v apotran spiratio n･how e v er, n etradiatio n(h)is replac ed with av ailabl色e nergy(R口I G)
where G is s oil heatflu x. b nd us e m aps show nirLFigl}re2are c o n vertedto a]bedo distribtJtio nbythe hble sho w nill
Kotoda(1986), andtlSed for calcuhtion .
FigtlrC4showsthediffere n cein EEbetw ee n1972a nd 1995wi(h m eteo rol gic al data of 1 995･ Ey apo
lranspiratio mdecre ases
atabo ut38 %oftheland are a, a r)d its av er agefallis160m m. T hedecreas etothe a m ountof 366m m lSpossibleinlo cals悦1e
wherefo restcha ngesto city･ Juteratio noffore stedareatO urban or reside ntialsite cat
lSeSincre asein albedoa ndheat 加 w to
thegro u nd･ Itleadstothe redu ctio n ofav ailable e n ergyfo r ev apotran spir atjo n. T his s o ne ofthe m ain reas ontoreBIOnal
w ar m lng, n a melythe tn
.banheatisland･
⊆垣 幽 迎
Fi即reS･1 a nd2re ye althein creas ein artifich1land cov er.su chasbuilding, a sphaltro ad, a ndso o n･ Theyredu cesinfiltration
ofprec]pitatio ntothe 5Ubs urfa ce･ which le adtothe redu
ctio n ofsro ロndw ater re charge･ T he qu ater n aryupland is co mposed
ofu n co n solidatedsa nd andrr)Id, a nds ubs urfa cew ater cyclep]ay$l mPOrtaTltroleinthetotalw aterbtldget･ The respon seof
gr oundw a EerJlow Syste m(Toth, 1963)to cha ngingre cha,gejs assessed bysim ulatio n ofgro undw ater mov e m e nt･
T he a v erage a n n ualpre cipitatio nincuba ar eais 打O u nd 150 Ornm ･ As adiffcrc nc ebtw ee n a - alprecip
t
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syste m withcb乱.ngingrecharge. Thebasicequ atio nis thr ecdiTT･e nSio nalste adystate srou ndw aterflo w m odel･ T heimpor
hnt
pointis that thegrou ndw atertableis adju5ted to me el (hc as軸 n edre charge(Ko ndoh･1985)･
The stdyareaisthebasin ofM iyako rl
'
v e r, ho wever, c alculatedregio nis e畑 ndcdtothe ch叩 n 8旭of蛸 ace nlriy 8r andalso
ext印 dtotheTokyo Bayas a c u畠hio n z o n eb ca q$8thedT 血 age areas of飢1rfa ccandsdb8urfacc w 批 r arediffere nt･Fig
ure5
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Fig.4 The d附ere n c ein evapotra n splratio n
betw e e n1 97 2and 1 99 5. Thegreys c aEe O-
25 5c o rr e spo ndstoOl 8 0m m/ye ar･
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Fig･5 T he am ountofgr o undw ate rdis chargein
d汗Ie re ntr echarge rales. T he r atio of
dis charge, D30JD.2D. are Snlallin
■
upper
stre a ms
,
and are一arge a nd stableinlo w er
Str ea m s.
DISC U SSIO N
ltc an gen erallybe coJISideredthattlrba niz atio n c au s早S redtlCEio nill eY apOtra nSPlratio n andgr o u ndw ater re charge. Urba n
heatisland istheres ultof decrea slnge V aPOtrarISpLratio n･ T he m odelcalctJlatio ngivesqu a ntitativ eresultsforde cre a s lng
ev apotraDSPir atiorL. T he effectofredu cirlgre chargeEo grotJndw ater syste m lSqU ali【ative]ye xplairled bysiz7]t1 atio nstudy･
Na m ely,(he changei皿 reCh丑rge Cat]S eS7 nOre S e v ere effect to upperstre a 7r)S, W hich leadsto
■djsappe a-anceofstreaLnS and
spriT)g,lo w erhgofw atertable, r eductiorL Ofbase血o w, a nds o o n.
To c o mple(･5the m odelof hydr ologic alcycle, r u t off甲 mPOn e ntis n e c e s s a ry･ The r un off fro m e achgridca nbe c alcuhted by
su m
.
mingupthe r(PIEt)in re charge 且rea･ a nd P-EL＋D isindis charge are a･ where ris ru n offratio, a nd P･Et andD is are
a nr'ualprecipitatio n, e v apol.Ta nSPiralio n a71dgrotlndw aterdischargerespectiv ely･ h grou コdw a(er co mpo n e nt･(1
- ')(PIEL)
sho uld be r echargeto(hegro u ndy(aterfl?w sy苧teJT)I a nd D･
'
s c a nbe calc ulated from resulted hydra uliche ad distributio n.
h o ur c urre ntkn o w
.
ledge,itisqif6cJllttQ aSSisn rfo∫ ea ch landlJSe/co v e r Class esI T he coT71Pletion ofsynthesized baAn
hydrologic alm odelis otlr n e xtgOal･lE wi ll
‾be 抑 tlal bas ed w aterbudget m odelwhich ca n asses sthe cha nge sinbasin
hydr ologic cycle, espe血11yillqtl･ate m %TytlPla nd,
CO NC Lt)SI O N
Th la ndtlS e/c o v er cha ngesduring m oderJli由tio ninthe easte m stlburbsin Tokyo m etropolita n are a aredelirLe ated byusing
satellite r eTn Ote Se n Sエロg and GIS. RedLICtio nofev apotrき?SPiration a nd extin ctiozl Of localgrour)dw ater凸o w sys(e m canbe
u ndersto od by applyirLghydrologic alpro o 輔 FE)0■dels,ho w ev er,th dr re m ains a n otherimportarlthydrologicalpr o ccssI At
least, e v apotran spiTation,grotltldw a(er恥 w and run offcolt)PO n e ntS arene c e s s a ry【o u nderstand chngesin hydrolog血1cycle
in ad mir)agebasin . To co rnbirLe rtLn Offc o mpo r)eEl(StOthe
'm od8Iis o ur n e xtobje ctiv eto m ake clearthe w ater and heat
budgetill urbaniz ed basin ･
A C E N O W L E D G M E N T S
The w ork w as sup ported bythegra ntof Chiba city officeforthe reg10nalenvir o n m entalsttldies･
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